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INTRODUCTION 


The  military  services  have  been  interested  for  some  time  in  missile 
designs  that  have  tube-launched  applications.  Wrap-around  fins  (WAF)  have 
always  been  a promising  means  of  stabilizing  missiles  with  tube-launched 
constraints.  The  fins  have  been  investigated  thoroughly  in  a series  of 
six  wind  tunnel  tests  (references  1 through  6)  by  the  U.  S.  Army  Missile 
Command  (MICOM)  and  sponsored  in  part  by  the  U.  S.  Air  Force  Armament 
Laboratories  (AFAL).  The  need  for  a working  summary  of  these  tests  arises 
as  the  application  of  WAFs  to  new  weapons  systems  increases. 

This  report  summarizes  data  obtained  in  the  six  wind  tunnel  tests. 
Aerodynamic  characteristics  for  WAFs  are  presented  over  the  Mach  number 
range  0.3  to  3.0.  Variations  in  the  coefficients  are  presented  for 
changes  in  fin  geometry  including  taper  ratio  and  leading  edge  sweep  angle, 
aspect  ratio,  exposed  semi -span,  and  root  chord  length;  opening  angle, 
fully  closed  to  10  degrees  past  fully  open;  and  body  step  down. 

Table  1 is  a collation  summary  for  each  of  the  six  tests  and  table  2 
matches  the  configuration  tested  with  the  corresponding  test.  Analysis 
and  comparison  of  the  various  parameters  are  in  reference  7. 

APPARATUS 

A.  Test  Facilities  and  Conditions. 

Wind  tunnel  tests  were  conducted  in  three  facilities:  the  Arnold 
Engineering  Oevel opment  Center  Propulsion  Wind  Tunnel  4T,  references  1, 

2,  4,  and  6;  the  NASA  4-foot  Unitary  Wind  Tunnel  at  Langley  Field, 
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Virginia,  reference  3;  and  the  McDonnell  Douglas  Aerophysics  Laboratory 
4-foot  Trisonic  Wind  Tunnel,  reference  5. 

A summary  of  the  nominal  test  conditions  for  the  three  tunnels  is  in 
table  3.  Complete  test  conditions  for  the  six  tests  can  be  obtained  from 
references  1 to  6, 

B.  Instrumentation 

For  all  AEDC  tests,  the  model  was  supported  by  AEDC's  6-component 
strain  gage  balance  IB  (6-1.50-0.500-1.12  M)  and  sting  4S  (S-V.12F-35.38- 
1.850M).  In  addition,  each  fin  was  supported  by  an  independent  3-compo- 
nent strain  gaga  balance  built  and  calibrated  by  AEDC  for  MICOM.  These 
balances  are  identified  by  MICOM  drawings,  RDK-125QO  series. 

The  maximum  rated  capacities  for  the  AEDC  IB  main  balance  are  as 
follows: 


Normal  force 
Side  force 
Pitching  moment 
Yawing  moment 
Rolling  moment 
Axial  force 


500  lb 
250  lb 
1600  in. -lb 
800  in. -lb 
800  in. -lb 
100  lb 


The  maximum  rated  capacities  for  each  fin  balance  are  as  follows: 

Normal  force  60  lb 

Hinge  moment  100  in. -lb 

Root-bending  moment  100  in. -lb 

Two  base  pressure  taps  were  mounted  on  the  sting  to  measure  base 
pressure.  A fouling  system  for  each  fin  and  body  was  installed  to 
indicate  contact  between  fins  and  body  or  between  body  and  sting. 

At  NASA  Langley,  the  model  was  supported  by  NASA's  6-component 
strain  gage  balance  UT-36.  In  addition,  each  fin  was  supported  by  an 
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independent  3-component  strain  gage  balance  calibrated  by  Langley.  These 
balances  are  identified  by  MICOM  drawings,  RDK-1 2500  series,  and  are  iden- 
tical to  the  fin  balances  used  in  the  AEDC  tests. 

The  maximum  rated  capacities  for  the  main  balance  (NASA  UT-36)  are 


as  follows: 


Normal  force 
Side  force 
Pitching  moment 
Yawing  moment 
Rolling  moment 
Axial  force 


100  lb 
100  lb 
800  in. -lb 
200  in. -lb 
50  in. -lb 
60  lb 


For  the  McDonnell  Douglas  test,  aerodynamic  loads  of  the  complete 
model  were  measured  by  the  McDonnell  Douglas  Aerophysics  Laboratory  No.  17 
six-component  strain  gage  balance.  Aerodynamic  loads  for  each  of  the 
four  fins  were  measured  by  a MICOM  3-component  fin  balance.  The  fin  bal- 
ances are  identified  by  MICOM  drawing,  RDK-1 2500  series,  again  the  same 
balances  used  at  AEDC. 

Maximum  rated  capacities  for  the  No.  17  balance  are  as  follows: 


Normal  force 
Side  force 
Pitching  moment 
Yawing  moment 
Rolling  moment 
Axial  force 


1000  lb 
1000  lb 
300  in. -lb 
2500  in. -lb 
400  in. -lb 
150  lb 


Because  of  the  3-component  limitation  of  the  fin  balances,  the  nor- 
mal force  and  the  hinge  moment  data  are  inadequate  for  the  folding  fin 
configurations.  Other  tunnel  instrumentation  consisted  of  tunnel  pressure 
and  temperature  transducers,  two  base  pressure  transducers,  and  a model 
grounding  circuit  indicating  continuity  between  fins  and  body  and  between 
body  and  sting. 
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C.  Model 


The  model  consisted  of  a two-caliber  secant  ogive  nose  with  an  eight- 
caliber  cylindrical  afterbody  and  21  fin  configurations.  The  basic  body 
configuration  (Bl)  had  a straight  cylindrical  afterbody  four  inches  in 
diameter.  Alternate  afterbody  shapes  B2  and  B3  stepped  down  to  a diameter 
of  3.6  inches  over  lengths  of  7 and  4 inches  from  the  base,  respectively 
(figure  1). 

The  basic  WAF  geometry  is  shown  in  figure  2,  and  table  4 is  a listing 
of  the  geometry  for  the  21  fins  tested.  Fin  FI  is  the  basic  WAF,  and  all 
variations  of  fin  parameters  are  based  on  this  fin.  B1F1  is  the  basic 
configuration  and  was  repeated  in  all  tests  to  check  the  agreement  of  the 
data.  Refer  to  figures  4 and  5 for  model  installation  photographs. 

REDUCTION  AND  PRESENTATION  OF  DATA 

All  main  balance  force  coefficients  are  referenced  to  the  cross 
section  of  the  body— 12.566  in2.  The  moments  are  all  about  the  nose  apex 
and  are  based  on  the  body  cross  section  times  the  body  diameter.  See 
figure  3 for  the  main  balance  sign  conventions. 

All  basic  fin  force  coefficients  are  referenced  to  their  respective 
fin  panel  areas  listed  in  table  4.  Fin  hinge  moment  coefficients  are 
about  the  50  percent  chord  line  and  the  root  bending  moment  coefficients 
are  about  a line  parallel  to  the  fin  root  chord  on  the  body  surface. 

Figure  3 shows  the  force  and  moment  sign  convention  for  the  fin  balances. 
Equations  of  transfer  used  in  the  data  reduction  and  the  data  accuracy 
are  described  in  the  original  data  reports,  references  1 through  6. 


"•V-  ^4, 
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Data  for  this  report  were  machine  processed  by  Data  Management  Ser- 
vices (DATAMAN),  Chrysler  Corporation  Michoud  Defense-Space  Division 
(CMDSD).  Due  to  the  amount  of  data  involved  in  the  six  wind  tunnel  tests, 
inspection  for  extraneous  data  points  was  not  done  prior  to  calculation 
of  slopes.  Reference  to  the  original  source  data  may  be  required  to  re- 
solve subsequent  questions.  A breakdown  of  configuration  parameters 
available  for  comparison  are  included  in  table  5. 

Data  are  presented  in  four  sections:  the  main  balance  coefficient 
summary,  Appendix  A;  the  horizontal  fin  (fins  2 and  4)  panel  data. 

Appendix  B;  the  fin  effectiveness  including  opening  angle,  Appendix  C; 
and  the  fin-body  interference,  Appendix  D.  Mach  number  range  for  the 
data  is  0.3  to  3.0. 

Configuration  B1F1  is  considered  the  basic  WAF  configuration  and  was 
included  in  all  tests  to  check  the  agreement  of  the  data  from  the  different 
tests.  While  working  with  some  of  the  data  sets,  it  was  necessary  to 
interpolate  to  have  identical  Mach  numbers. 

Appendix  A presents  data  in  the  form  of  Cn0,  Cma,  Xcpa,  cAfa„0» 

C/^  , and  ® for  all  of  the  body-fin  combinations  tested.  In 

01  0 
addition,  a rolling  moment  coefficient,  Cf>a  _ 0 calculated  from  the  fin 

balance  data  is  presented.  The  fin  rolling  moment  coefficient  is  com- 
puted according  to  the  following  formula: 

4 \ 

Cj,  a B/ 2D  CBMp^  + R/D  ^ C(\)p^ 


i=l 


i=l 


0 main  balance  data 
0 fin  balance  data 
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where 


= fin  normal  force  coefficient  for  the  ith  fin 
CBMFi  = fin  root  bending  moment  coefficient  for  the  ith  fin 


Figure  3 shows  the  sign  convention  for  these  forces.  The  above  cal- 
culation was  made  for  all  test  data  except  UPWT  980,  which  was  deleted 
because  the  fin  balances  were  not  sensitive  enough  for  the  tunnel  dynamic 
pressures. 

The  side  force  coefficient,  Cy,  and  the  yawing  moment  coefficient, 

Cn,  are  not  presented  since  no  trends  unique  to  WAFs  were  discovered. 

Refer  to  reference  7 for  further  information  in  this  area.  The  variation 
in  C a for  the  same  configuration  in  different  tests  show  the  effect  of 
Reynolds  number. 

Appendix  B is  the  fin  panel  data.  Data  consist  of  plots  of  , 

Ct  p 

XCpap  and  YcPap  versus  Mach  number  for  the  fins.  These  data  were  measured 
by  the  individual  fin  balances.  Comparison  of  the  same  fin  on  both  the 
straight  and  step  down  body  is  shown.  Data  for  three  fins  (FI,  F2,  and 
F9)  mounted  on  a splitter  plate  (figure  4)  are  included  in  this  section. 

Fin  effectiveness  plots  are  in  Appendix  C.  Fin  effectiveness  is 
determined  by  taking  the  main  balance  data  for  a body-fin  combination  and 
subtracting  from  it  the  corresponding  main  balance  data  for  the  body 
alone  (datasets  RT9B01  or  RLX0Q1  as  appropriate). 

Data  for  Cf^,  Xcp^,  and  are  plotted  against  Mach  number 

for  fins  \ hat  are  fully  opened  and  versus  fin  opening  angle  for  different 
Mach  numbers  and  roll  angles.  (Figure  5 depicts  fin  opening  angles.) 
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Since  the  main  balance  data  are  referenced  to  body  cross  section 
and  the  moments  are  referenced  about  the  nose,  it  was  necessary  to  change 
the  references  to  fin  parameters.  Fin  effectiveness  coefficients  are 
based  on  fin  area,  and  moments  are  referenced  about  the  fin  50  percent 
chord  line.  To  do  this,  the  following  transformations  were  used: 


CNaFE  = K[CNaFB  - CNaB] 


- Cm)  + Xcl  (CN  )]  D/Cr 
aFB  aB  aFE 


CaFE  ” ^Apg  “ Cftg) 


where 


K is  the  body  reference  area  divided  by  the  area  of 
two  fin  panels  (table  4) 

Xc]  is  the  distance  from  the  nose  of  the  missile  to  the 
50  percent  chord  line  (Refer  to  X , in  the  nomenclature 
for  numerical  values) 

Cn  , Cm  and  Xcd_  are  plotted  for  various  data.  Because  of 

■’apE  "apE  ^aFE 

Reynolds  number  differences,  axial  force  coefficients  from  some  data  sets 

could  not  be  subtracted  to  obtain  Ca  ; these  data  are  missing  from  the 

MaaoFE 

plots. 

Appendix  D consists  of  the  upwash  and  carryover  versus  Mach  number. 

In  this  section,  the  effects  cf  the  wing  on  the  body  and  the  body  on  the 
wing  are  separated.  The  following  equations  were  used; 
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Upwash: 

K, 


“(B)  ' ‘VCN«SP 


Total  interference  effects: 

"“(B)  + "%)  = CN«FE/CN«SP 
Carryover: 

KB(W)  = {1<W(B)  + Kb(W)}  " KW(B) 

Upwash  and  carryover  plots  are  presented  only  for  those  WAFs  which 
have  panel  data  obtained  from  the  splitter  plate  tests  (figure  4,  table 
IF).  However,  splitter  plate  data  for  FI  was  used  to  calculate  the 
interference  effects  for  the  fins  that  have  the  same  projected  planform 
as  FI  but  only  vary  in  such  parameters  as  thickness,  fin  leading  edge 
angle,  and  fin  leading  edge  symmetry. 

For  the  difference  in  interference  effects  between  straight  and  WAF, 
compare  the  ratios  for  FI  and  F9.  Included  on  both  plots  is  the  pre- 
dicted lift  ratio  using  slender  body  theory,  reference  8. 
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NOMENCLATURE 


SYMBOL 


MNEMONIC 


DEFINITION 


REFERENCE  & GENERAL  DEFINITIONS 

unit  Reynolds  number;  per  ft 


'A'  ■ L 

'Js 


r. 


i , 

& * 


ALPHA 


PT.PTOTAL 


S,Sref,Aref  SREF 


velocity;  ft/ sec 

angle  of  attack,  degrees 

angle  of  sideslip,  degrees 

angle  of  roll,  degrees 

mass  density;  slugs/ft3 

speed  of  sound;  ft/ sec 

pressure  coefficient;  (p-j  - pj/q 

Mach  number;  V/a 

dynamic  pressure;  1/2pV2 

base  pressure  ratio 

reference  span;  in. 

center  of  gravity 

reference  length,  in. 

wind  tunnel  stagnation  pressure 

reference  area  used  to  reduce  data  to 
coefficient  form,  in. 

moment  reference  point 

moment  reference  point  on  X axis 

moment  reference  point  on  Y axis 

moment  reference  point  on  l axis 

fin  initial  incidence  angle  for  splitter 
plate  test,  degrees 
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NOMENCLATURE  (Continued) 


SYMBOL 

MNEMONIC 

DEFINITION 

Cn 

CN 

MAIN  BALANCE  DEFINITIONS 

normal  force 

normal -force  coefficient,  q$ 

CA 

CA 

axial  force 

axial-force  coefficient,  q^ 

CY 

CY 

side  force 

side-force  coefficient,  ■ q^ 

Cm 

CLM 

pitching-moment  coefficient; 
Ditching  moment 
qSiREF 

Cn 

CYN 

yawing -moment  coefficient; 

vawinq  moment 
qSb 

Cy, 

CBL 

rolling-moment  coefficient; 

rollina  moment 
qSb 

K 

CLMALF 

pitching  moment  coefficient  derivative 
with  respect  to  angle  of  attack,  per  degree 

X 

CNALFA 

normal  force  coefficient  derivative  with 
respect  to  angle  of  attack,  per  degree 

cAb 

CAB 

base  axial  force  coefficient 

CAf 

CAF 

forebody  axial  force  coefficient; 
^Af  B CA  “ CAi) 

CAfa,0 

CAFAFO 

forebody  axial  force  coefficient  at  zero 
angle  of  attack 

CAba=0 

CABAFO 

base  axial  force  coefficient  at  zero 
angle  of  attack 

^tta0 

CBLAFO 

rolling  moment  coefficient  at  zero 
angle  of  attack 
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NOMENCLATURE  (Continued) 


SYMBOL 

MNEMONIC 

DEFINITION 

^cp 

Ka 

XCPB 

ratio  of  pitching  moment  derivative  with 
respect  to  angle  of  attack  to  normal  force 
derivative  with  respect  to  angle  of  attack, 
CLMALF/CNALFA 

FIN  DEFINITIONS  * 

CNpi 

CNF  i 

fin  normal  force  coefficient; 
fin  normal  force 
qSref 

CH%i 

CLMHi 

fin  hinge  moment  coefficient; 
fin  hinge  moment 
qSref  £ref 

cBMpi 

CLMRi 

fin  root  bending  moment  coefficient; 
fin  root  bendinq  moment 
qSref 

%: 

CNF 

fin  normal  force  coefficient  derivative 
with  alpha,  per  degree 

X>% 

XCPF 

derivative  of  chordwise  center  of  pressure, 
positive  forward  of  50  percent  chord  line 
with  respect  to  angle  of  attack 

Kp 

YCPF 

derivative  of  spanwise  center  of  pressure 
outboard  of  body  surface  with  respect  to 
angle  of  attack 

\ 

aSP 

CNFSP 

fin  normal  force  coefficient  with  respect 
to  angle  of  attack  for  splitter  plate  test 
data 

c4 

N»s 0 

CBLAFO 

rolling  moment  coefficient  at  alpha  s 0° 
based  on  summation  of  fin  balance  data, 
defined  in  text 

* Fin 

forces  and  moments 

axis  system  remain  fixed  relative  to  fin 

balance  regardless  of  fin  fold  angle,  but  roll  with  model, 
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NOMENCLATURE  (Continued) 
SYMBOL  MNEMONIC  DEFINITION 


BODY  & FIN  COMBINATION  DEFINITIONS 


CN 

Ve 

CNAFE 

fin  normal  force  effectiveness  coefficient 
derivative  with  respect  to  angle  of  attack; 

Cw  = K [Cn  -Cm  3 
"cife  WctFB  ’aB 

On 

aFE 

CMAFE 

fin  pitching  moment  effectiveness 
coefficient  derivative  with  respect  to 
angle  of  attack; 

C%FE  = + xcl  (CNaFE )3D/Cr 

CN 

aFB 

CNAFB 

normal  force  coefficient  derivative  with 
respect  to  angle  of  attack  for  body  with 
fin  configurations,  per  degree 

CN 

°B 

CNAB 

normal  force  coefficient  derivative  with 
respect  to  angle  of  attack  for  body  alone 
configuration,  per  degree 

“FB 

CMAFB 

pitching  moment  coefficient  derivative  with 
respect  to  angle  of  attack  for  body  with 
fin  configuration,  per  degree 

On 

aB 

CMAB 

pitching  moment  coefficient  derivative  with 
respect  to  angle  of  attack  for  body  alone 
configuration,  per  degree 

CftFB 

CAFB 

axial  force  coefficient  for  body  with  fin 
configuration 

% 

CAB 

axial  force  coefficient  for  body  alone 
configuration 

C%E 

CAFE 

axial  force  effectiveness  coefficient; 

^ApE  ~ ^ ^Apg  “ ^Ag^ 

^a 

“s°fE 

CAFOFE 

axial  force  effectiveness  coefficient  at 
zero  angle  of  attack 
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NOMENCLATURE  (Continued) 


SYMBOL 

XcPaFE 


Sf 

CR 

CT 

t 

AR 

b/2 

b/2D 

D 

R 

A 

Cj/Cr 

C/D 


MNEMONIC 

XCPFE 


KWB 


KBW 


CR 

CT 

T 

AR 

B/2 

B/2D 


LAMBDA 

CT/CR 

C/D 


DEFINITION 


longitudinal  center  of  pressure  effective- 
ness coefficient  derivative; 


'cPa 


FE 


/CN 

aFE  XaFE 


fin-body  interference  factor  of  fins  in 
presence  of  body; 


KW 


(B) 


= cNap/CN 


aSP 


fin-body  interference  factor  of  body  in 
presence  of  fins; 


kB(uA  = CN  /CN  - CN  /CN 
W aFE  aSp  aF  \*sp 


GEOMETRIC  DEFINITIONS 

fin  panel  area,  in2 

fin  root  chord  length,  in 

fin  tip  chord  length,  in 

fin  thickness,  in 

fin  aspect  ratio 

fin  exposed  semi  span,  in 

fin  exposed  semi  span  to  body  diameter 
ratio 

missile  body  diameter,  4.0  in 

missile  body  radius,  in 

fin  leading  edge  sweep  angle,  degrees 

fin  tip  chord  to  root  chord  ratio 

fin  root  chord  to  missile  diameter  ratio 
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SYMBOL 


MNEMONIC 


DELTA 

THETA 


PANEL 


SUBSCRIPTS 


NOMENCLATURE  (Concluded) 


DEFINITION 

distance  from  center  of  missile  to  fin 
attach  point 

fin  mean  radius,  in 

fin  outer  radius,  in 

fin  inner  radius,  in 

fin  leading  edge  radius,  in 

fin  leading  edge  angle,  degrees 

fin  opening/closing  angle,  e = 0°  = fully 
open,  degrees 

fin  thickness  to  chord  ratio 

ratio  of  missile  cross  sectional  area 
(12.566  in2)  to  area  of  2 fin  panels 
(fins  in  radial  position  2 and  4) 

distance  from  the  nose  to  the  50  percent 
chord  line,  9.125  calibers  for  1.75  caliber 
fins,  9.5  calibers  for  1.0  caliber  fins,  and 
9.75  calibers  for  0.5  caliber  fins 

parameter  name  to  denote  radial  fin  positions 
1 , 2,  3,  and  4 


base 

local 

static  conditions 
total  conditions 
free  stream 

fin  radial  position  about  body, 
i - 1,  2,  3,  and  4 
body  alone 
fin 

fin  body  combination 
fin  effectiveness,  FB-B 
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TYPE  OP  DATA 


LaRC  4-FOOT  UNITARY  PLAN  WIND  TUNNEL 


MACH  Tt(°F)  Pt(psfa)  RN  x 10-6/FT 


1.6 

150 

1666 

3.0 

1.9 

150 

1907 

3.0 

2.36 

150 

2369 

3.0 

2.86 

150 

3084 

3.0 

All  tests  were  performed  with  transition  strips  of  No.  40  sand 
affixed  1.2  inches  aft  of  the  nose  apex  and  0.40  inch  aft  of  the  leading 
edge  on  the  fin  surfaces.  Schlieren  photographs  were  taken  to  confirm 
the  existence  of  a turbulent  boundary  layer. 


McDonnell  douglas  aerophysics  laboratory 

4-FOOT  TRANSONIC  WIND  TUNNEL 


MACH 

Tt(°F) 

Pt(psia) 

RN  x 10"^/FT 

q(psi) 

0.5 

61.3 

32.35 

7.0 

4.51 

0.8 

68 

23.94 

7.0 

6.935 

0.95 

65 

22.3 

7.0 

7.8 

1.0 

65.12 

22.0 

7.0 

8.03 

1.1 

65.35 

21,35 

- 7.0 

8.31 

1.2 

44 

21.94 

7.0 

9.16 

1.3 

50.2 

24 

7.0 

10.25 

1.6 

67.75 

22.7 

7.0 

9.41 

2.0 

69,3 

26.135 

7.0 

9.235 

2.5 

61.9 

32.35 

7.0 

8.375 

3.0 

57 

41.5 

7.0 

7.15 

AEDC  4T  PROPULSION  WIND  TUNNEL 

MACH 

Tt(°n 

Pt(psfa) 

Rn  x 10'6/FT 

q(psf) 

0.5 

115  + 15 

2600 

3.6 

384 

0.6 

115  + 15 

2600 

3.8 

514 

0.8 

115  + 15 

2600 

5.0 

764 

0.9 

115  + 15 

2600 

5.0 

872 

0.95 

115  + 15 

2600 

5.1 

916 

1.00 

115  + 15 

2600 

5.2 

965 

1.05 

115  + 15 

2600 

5.2 

1000 

1.10 

115  + 15 

2600 

5.2 

1030  | 

1.20 

115  + 15 

2600 

5.2 

1080 

1.30 

115  + 15 

2600 

5.2 
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FIGURE  2.  WAF  GEOMETRY 


3"?gJ^?3i*iW?w  WfSW^jfT" 


MODEL  INSTALLATION  STANDARD  CONFIGURATION,  <p  = 0,  a = 0 


SPLITTER  PLATE 


Figure  4.  WAP  modal. 
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PLOTTED  DATA  APPENDIX  A. 


MAIN  BALANCE  COEFFICIENT  SUMMARY 


CONFIGURATION 

PAGE 

B1 

1-3 

B1F1 

4-9 

B1F2 

10-12 

B1F3 

13-16 

B1F4 

17-19 

B1F5 

20-22 

B1F6 

23-25 

B1F7 

26-28 

B1F8 

29-31 

B1F9 

32-35 

B1F10 

36-38 

B1F11 

39-41 

B1F12 

42-44 

B1F13 

45-47 

B1F14 

48-50 

B1F15 

51-53 

B1F16 

54-56 

B1F17 

57-60 

B1F18 

61-63 

B1F19 

64-66 

B1F20 

67-69 

B1F21 

70-72 

B2 

73-75 

B2F1 

76-79 

B2F10 

80-82 

B2F13 

83-85 

B3F2 

86-89 

B3F16 

90-92 

B1F1 , REYNOLDS  NO. 

93-95 

B1F2,  REYNOLDS  NO. 

96-98 

BinO,  REYNOLDS  NO. 

99-101 

B2F1 , RLVNULUS  Nt). 

102-104 

B2F10,  REYNOLDS  NO. 

105-107 

Tabulations  of  the  plotted  data  and  corresponding  source  data  are 
available  from  Oata  Management  Services  Operations. 
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PLOTTED  DATA  APPENDIX  B. 


HORIZONTAL  FIN  PANEL  DATA 


CONFIGURATION  PAGE 


FI  ]-3 

F2  4-5 

F3  6-6 

F4  7-7 

F5  8-8 

F6  9-9 

F7  10-10 

F8  11-11 

F9  12-12 

F10  13-13 

FT  1 14-14 

FI  2 15-15 

FT  3 16-16 

F14  17-17 

FI  5 18-18 

FT  6 19-20 

F17  21-21 

FT  8 22-22 

F19  23-23 

F20  24-24 

F21  25-25 


Tabulations  of  the  plotted  data  and  corresponding  source  data  are 
available  from  Data  Management  Services  Operations. 
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HORIZONTAL  FIN  PANEL  DATA.  F14 
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HORIZONTAL  FIN  PANEL  DATA,  F16 
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HORIZONTAL  FIN  PANEL  DATA 


DATA  SET  SYT30L  CONFIGURATION  DESCRIPTION  PANEL  LAMBDA  C/D  B/SO 

< HX5R25 1 O MDAC  S-256  WRAPAROUND  FIN  BSF20  2.000  .000  1.750  .535 

(HX5L25)  □ MDAC  S-25S  WRAPAROUND  FIN  B1F20  N.000  .000  1.750  .535 
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PLOTTED  DATA  APPENDIX  C. 
FIN  EFFECTIVENESS 


CONFIGURATION 
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FI 

F2 

F3 

F4 

F5 

F6 

F7 

F8 

F9 

FlO 

FI  1 

FI  2 

F13 

F74 

F 15 

F16 

FI  7 

F18 

FI  9 

F20 

F21 

FI 

FI 


1-1 

2-2 

3- 3 

4- 4 

5- 5 

6- 6 

7- 7 

8- 8 
9-9 

10-10 

11-11 

12-12 

13- 13 

14- 14 

15- 15 

16- 16 

17- 17 

18- 18 

19- 19 

20- 20 

21-21 

22-27 
28-33 


Tabulatjcns  of  the  plotted  d<*ta  and  corresponding  source  data  are 
available  from  Data  Management  Services  Operations. 
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NINO  ANGLE  - ROLL  EFFECTS 
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'■'SOI  PH!  PARADE  !R!C  VALUES  DATASET  THETA  DATASET  THETA  DOCUMENT  F OR  REFERENCE 

O .COO  MACH  1. >00  03  1.750  EX5?01  -10.000  PT9803  .000  CHARACTER  1ST  I CS  FOR 


FIN  EFFECTIVENESS  WITH  OPENING  ANGLE  - ROLL  EFFECTS 
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PLOTTED  DATA  APPENDIX  D. 
FIN-BODY  INTERFERENCE  FACTORS 


CONFIGURATION  PAGE 


FI  1-2 

F2  3-3 

F4  4-4 

F5  5-5 

F6  6-6 

F7  7-7 

F8  8-8 

F9  9-9 

F15  10-10 


Tabulations  of  the  plotted  data  and  corresponding  source  data  are 
available  from  Data  Management  Services  Operations. 
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FIN-BODY  INTERFERENCE  FACTORS  - FIN  F!5 


DISTRIBUTION 


Number 
of  Copies 


Defense  Documentation  Center 
Cameron  Station 

Alexandria,  Virginia  22314  6 

Commanding  General 
US  Army  Materiel  Command 
Research  & Development  Directorate 
ATTN:  DRCRD 

Washington,  D.  C.  20315  1 

Commanding  Officer 

US  Army  Picatinny  Arsenal 

ATTN:  SMUPA-VC3,  Mr.  A.  Loeb 

Dover,  New  Jersey  07801  1 

Director 

US  Army  Mobility  Research 
and  Development  Laboratory 
ATTN:  SAVDL-AS 

Ames  Research  Center 


Moffett  Field,  California  94035  1 

Commanding  Officer 
Research  Laboratories 
ATTN:  SMUEA-RA,  Mr.  Abraham  Flatau 

Edgewood  Arsenal,  Maryland  21010  1 

Commanding  Officer 
Air  Force  Armament  Laboratory 
ATTN:  Mr.  C.  Butler  1 

Mr.  F.  Howard  1 

Dr.  F.  Findley  1 

Eg! in  Air  Force  Base,  Florida  32542 

Arnold  Engineering  and 
Development  Center 

ATTN:  Dr.  McKay  1 

Library  1 

Arnold  Air  Force  Station, 

Tennessee  37389 


Air  Force  Flight  Dynamics  Laboratory 
ATTN:  FDMM,  Mr.  Gene  Fleeman 

Wright-Patterson  Air  Force  Base, 

Ohio  45433  1 


Number 
of  Copies 

Commanding  Officer 
Ballistic  Research  Laboratories 
ATTN:  AMXRD-BEL,  Mr.  R.  Krieger 


Aberdeen  Proving  Ground, 

Maryland  21005  1 

Commanding  Officer 
US  Naval  Ordnance  Laboratories 
ATTN:  Mr.  S.  Hastings  1 

Mr.  R.  T.  Hall  * 1 

Library  1 

White  Oak 

Silver  Spring,  Maryland  20910 

NASA-Langley  Research  Center 
ATTN:  Mr.  Leroy  Spearman  1 

Mr.  Charles  Jackson  1 

Technical  Library  1 

Hampton,  Virginia  23665 


Commanding  Officer  & Director 
Naval  Ship  Research  and  Development 


Center 

ATTN:  Aerodynamic  Laboratory 

Carderock,  Maryland  20007  1 

NASA-Ames  Research  Center 

ATTN:  Technical  Library 

Moffett  Field,  California  94035  1 

NASA-Lewis  Research  Center 

ATTN:  Technical  Library 

Cleveland,  Ohio  44135  1 

NASA-Marshall  Space  Flight  Center 
ATTN:  Mr.  K.  Blackwell  1 

Mr.  H.  Struck  1 

Mr.  J.  Sims  1 

Technical  Library 
Marshall  Space  Flight  Center, 

Alabama  35812 


US  Air  Force  Academy 
ATTN:  Lt.  Col.  W.  A.  Edgington 
DFAN 

USAF  Academy,  Colorado  80840  1 


Number 
of  Copies 


Number 
of  Copies 


Phil co  Corporation 
Aeronutronic  Division 
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